INTRODUCTION
ATTENTION has recently been drawn to the frequent association of eye signs attributable to deficiency of vitamin A with systemic manifestations of protein malnutrition in children (McLaren, 1958) . Whilst a deficiency of the vitamin in the diet would seem to be an adequate explanation, it is possible that the eye changes may result from an adverse effect of protein lack on one or more of the stages of vitamin A metabolism in the body.
This association is especially common in Indonesia, where de Haas, Posthuma, and Meulemans (1940) described 75 per cent. of their cases of xerophthalmia as having "general dystrophy"; Oomen (1953) and the writer (unpublished observations) found a similar percentage of kwashiorkor cases there with xerophthalmia and keratomalacia. From the same country has come a recent report (Yap-Kie-Tiong, 1956 ) suggesting that protein deficiency is responsible for the most severe degree of eye lesions classed as keratomalacia. This is based on a study of plasma protein and vitamin A determinations of ten children with xerophthalmia and ten with keratomalacia. Much turns upon the definition of the terms used and a division of cases into two such groups is arbitrary as the two conditions merge imperceptibly the one into the other. Furthermore, correlation between the estimations made and nutritional status is doubtful and control subjects were not used. It is possible to interpret the difference between the mean total protein values for the two groups as being an indication that the group with keratomalacia was eating a diet lower in protein than the other group. If so, then it might be reasonably argued that they might also be consuming less carotene and vitamin A, thus accounting for the more advanced eye changes. That the patients with keratomalacia were much more seriously ill than the others is evident from the fact that they rarely survived more than a day or two after admission to hospital (Yap-Kie-Tiong, personal communication).
Xerophthalmia and Dietary Protein
The subject of the present study has not been approached in this way before, and the little work that has been done on the interrelationship of vitamin A and protein has not been designed to shed light on the human problem outlined above. Early French work (Randoin and Queuille, 1934) set out to show how the evolution of vitamin A deficiency is affected by the nature and the proportions of the protein in the diet. These workers concluded that protein has no effect on the development of xerophthalmia, but diets deficient in protein were not used, the levels being 17, 27, and 37 per cent.
About the same time there seems to have been a widely-held belief that it had been demonstrated that diets containing protein of poor quality and deficient in vitamin A caused xerophthalmia to develop more rapidly than those with good quality protein. This opinion is expressed by Parsons (1932) without giving his source,. and according to Owen and Hennessey (1931-2) it appears in a text-book by McCollum and Simmonds (1929) . It would seem that the source of this view is a paper by Powers, Park, and Simmonds (1923) which described the feeding of rats on three diets, all deficient in vitamin A and containing proteins of different qualities. These diets, however, were not equally deficient in the vitamin; for instance one of the two diets which contained casein had three times more casein than the other, and the rats receiving the diet with the greater amount of casein "came down more slowly with xerophthalmia". Protein was obviously not the only variable factor in these diets, and the conclusion that the quality of protein in a diet influences the onset of xerophthalmia cannot be accepted.
Effect of Vitamin A on Growth and Protein Metabolism
Vitamin A increases the efficiency of the food of rats in maintaining or producing tissues (Patterson, McHenry, and Crandall, 1942) . Similarly, Mayer and Krehl (1948) found a reduction in the efficiency ratio of weight gain over food intake in vitamin A-deficient rats. That the rate of growth is closely related to the expenditure of vitamin A was shown by Johnson and Baumann (1948) . Rats deprived of vitamin A and restricted in growth by inadequacy of calories, or of tryptophan or thiamine, used up their stores less rapidly than those which were lacking vitamin A alone. In a study of the nitrogen metabolism of young and adult rats suffering from vitamin Adeficiency, Brown and Morgan (1948) found impaired growth, increased urinary nitrogen, and disturbed nitrogen balance in young but not in adult animals. They concluded that vitamin A is essential for tissue protein growth but not for its maintenance. Dye, Bateman, and Porter (1945) found that lack of protein had little effect on the utilization of vitamin A in the rat. The levels of protein they employed were 9, 18, and 36 per cent.
Finally, Moore, Sharman, and Ward (1952) , in a preliminary investigation, found that liberal doses of vitamin A enabled rats to subsist better on a diet deficient in protein.
It is evident from these various investigations of this aspect of the metabolism of vitamin A that a good deal is known about it in the rat, but no other animal appears to have been used and in no instance have the eye lesions been considered at the same time.
Influence of Sex on Vitamin A Requirements
After the first world war an epidemic of night blindness and xerophthalmia occurred in Vienna, and some time later Birnbacher (1928) produced statistics which showed that 88 5 per cent. of the patients he studied had been men and boys. A recent study in Java, where xerophthalmia is endemic, shows that there is a male preponderance, especially after the age of 10 years (Oomen, 1958) . In Birnbacher's series there had also been the greatest disparity between the sexes after the age of 10 years and maximum from 20 to 25 years. Even so, of the 22 cases under 10 years of age, seventeen were boys.
In rats, Coward, Key, Dyer, and Morgan (1931) found that, when young rats which were deficient in vitamin A were given large doses of cod-liver oil, males grew more rapidly than females, but that at low levels of dosing the relationship was reversed. Later, from a large accumulation of data, Coward (1942) showed that there was a statistically highly significant greater mortality amongst males.
Evidence whether males deprived of vitamin A show signs of deficiency before females is inconclusive, for Mayer and Krehl (1948) claimed that this was so for rats, but Booth (1952) could not confirm this. PRESENT 
INVESTIGATIONS
Methods.-Wistar albino rats, known as " Glaxo " as they had been obtained 7 years previously from Glaxo laboratories and bred in the Human Nutrition Research Unit, were used throughout. Egg albumen was chosen as the sole source of protein, being free from vitamin A, and avidin inhibition of biotin was prevented by heat treatment. Each constituent of the diets was subjected to the Carr-Price test and shown to contain no vitamin A.
Because of the large liver stores of the vitamin which young animals possess, it is necessary to induce deprivation very early if signs of deficiency are to be manifested in the growing animal. If the deficient regime is commenced before conception or in early gestation in the rat congenital defects are frequently produced. It is sufficiently early to start to feed the dam a diet free from vitamin A during lactation. In the experiments to be described a deficient diet (Diet 1) was fed from the 16th day of life of the young, to both the dam and the young, and weaning took place 7 days later. This diet was composed as follows: Other vitamins were given as an oral mixture; the following vitamins were made up in 7-6 ml. distilled water and 01 ml. was given to each rat four times a week: Results.-Typical growth curves of rats on Diets 2, 3, and 5 are shown in the Figure. Those animals receiving 18 per cent. protein grew normally until about 60 or 70 days of age, when growth slowed down, ceased for several days, and was followed by rapid loss of weight and general deterioration. That this was due to the vitamin A stores having been exhausted was confirmed by the appearance of clinical signs of vitamin A deficiency, including xerophthalmia, shortly afterwards. Rats on 11 per cent. protein grew less well but otherwise behaved similarly, whilst those on 4 per cent. protein failed to grow at all and maintained almost constant body weight until they died, usually at about 80 days of age. FIGURE.-Growth of rats on diets 2, 3, and 5. (Vitamin A-free and different levels of egg albumen).
The Table (opposite) shows the weaning weight, growth rate from weaning until the maximum weight was reached, time of onset of xerophthalmia, and survival time of each rat.
Rat No. 108 had severe diarrhoea from weaning, failed to eat much of the diet, grew poorly, and died early. It has consequently been disregarded. Nos. 102 and 111 were given liberal doses of vitamin A after they had reached maximum weight but before eye signs had developed. Both of these rats, and also Nos. 114 and 117, also given vitamin A, increased in weight after dosing; they survived for several months and eye signs did not develop, indicating that the eye changes in the other animals were due to deficiency of vitamin A.
DIsCUSSION
(1) Influence ofProtein Deficiency on Onset ofXerophthalmia and Survival Time (a) All rats on Diets 2 and 3, except those which were given vitamin A, developed xerophthalmia, whilst none of those on Diets 4 and 5 did so. Whilst some of those animals on the 4 and 6 per cent. protein diets died before those on the higher levels of protein were beginning to develop eye signs, nevertheless many lived sufficiently long for xerophthalmia to have developed if the level of protein had not been exerting an influence. It was realized that the absence of vitamin E might have accounted for the early death of these rats on low levels of protein, as this effect is known to occur (Dam, 1944) . Consequently a further litter of six rats, three males and three females, was treated as before, being given a 4 per cent. protein diet free from vitamin A but with added vitamin E. They all lived to be about 140 days old when they were killed, without any having developed eye signs.
It may then be concluded that, under the conditions of the present experiments, protein deficiency did not hasten the onset of xerophthalmia, but rather that, in the presence of marked growth retardation due to protein lack, the onset of signs was delayed. This was possibly due to the liver stores being used up less quickly than when there was adequate protein and initial growth was rapid.
(b) The survival time of rats on 18 per cent. protein was a mean value of 74 days from receiving the experimental diet (Diet 1) and 77-3 days in the case of 11 per cent. protein group. This difference is not significant (P-0 25), but the slightly longer survival of those rats which grew less well is compatible with the evidence that vitamin A stores are used up in proportion to growth.
(2) Influence of Sex on Onset of Xerophthalmia and Survival Time (a) Excluding the three male and two female rats which died before xerophthalmia developed, and those on 4 and 6 per cent. levels of protein, none of which showed eye signs, eight male and ten female animals remain to be compared.
The mean number of days for the onset of xerophthalmia in the two sexes is 59 125 and 68 0 days respectively. This difference is highly significant (P < 0 01), and because of the greater growth rate of the male, also supports the view that rate of growth determines the period of exhaustion of vitamin A stores.
(b) To investigate the effect of sex on survival time ten male and eleven female rats were available for comparison and the mean survival in days from the day of starting on the experimental diet (Diet 1) is 72-0 for males and 78-56 for females. This difference is also highly significant (P< 001) and may also be related to the different rate of growth of the two sexes. This is supported by the fact that this effect of sex was reversed in the case of the rats on the low protein diets in which almost no growth took place, and where the males survived considerably longer than the females. This may have been due to some selective effect of vitamin E deficiency upon females but the numbers are small.
SUMMARY
Albino rats were fed diets free from vitamin A and containing different percentages of protein. Deficiency of protein did not hasten the onset of xerophthalmia, and when the deficiency was severe the development of eye signs was delayed. Female rats took longer to develop xerophthalmia and survived longer than male rats.
The relationship of these results to the rate of growth and using up of the body stores of vitamin A is discussed. 
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